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(57) ABSTRACT 

A compound-eye imaging device comprises an imaging 
device body having 9 optical lenses and a solid-state imaging 
element for imaging unit images formed by the opticallenses. 
Assuming that the combination of each of the optical lenses 
with a corresponding divided area of the Solid-state imaging 
element to image each of the corresponding unit images is an 
imaging unit, thereby forming multiple imaging units, the 
respective imaging units have randomly different optical 
imaging conditions. For example, the focal lengths of the 9 
optical lenses are set to have random values in which the 
optical lenses are arranged to have random distances between 
adjacent ones thereof in a direction parallel to the major 
Surface of the Solid-state imaging element. This compound 
eye imaging device Substantially prevents unit images formed 
by respective imaging units from being the same, making it 
possible to easily increase the definition of a reconstructed 
image. 
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COMPOUND-EYE MAGING DEVICE 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a compound-eye 
imaging device. 
0003 2. Description of the Related Art 
0004. A compound-eye imaging device is known which 
comprises an optical lens array having multiple micro optical 
lenses arranged in a matrix of rows and columns, and a solid 
state imaging element (photodetector array) for imaging mul 
tiple unit images of a target object which are formed by the 
respective optical lenses of the optical lens array So as to 
reconstruct the multiple unit images into a reconstructed 
image (refer to e.g. Japanese Laid-open Patent Publication 
2001-61109). FIG. 9 is a schematic perspective view of a part 
of Such conventional compound-eye imaging device 100. 
0005. As shown in FIG. 9, the compound-eye imaging 
device 100 has an optical lens array 101 and a solid-state 
imaging element 102 as well as a partitioning wall 103 placed 
between the optical lens array 101 and the Solid-state imaging 
element 102 so as to allow lights collected by respective 
optical lenses L11, L12 . . . L33 to reach the solid-state 
imaging element 102 without interference therebetween, 
thereby forming high definition images by the respective 
optical lenses L11, L12 ... L33, making it possible to obtain 
a high definition reconstructed image. In the following 
description, the combination of one optical lens (e.g. optical 
lens L31) with an area of the solid-state imaging element 102 
to image a unit image formed by the one optical lens will be 
referred to as imaging unit U as shown by the double-dot 
dashed line in FIG. 9. 
0006. Here, a mechanism to allow a compound-eye imag 
ing device to form a high definition reconstructed image from 
multiple unit images will be explained with reference to FIG. 
9. In the compound-eye imaging device 100, the optical 
lenses L11, L12 . . . L33 are distributed on the optical lens 
array 101 in a matrix of rows and columns, so that the respec 
tive unit images formed on the Solid-state image element 102 
are images which are viewed at angles slightly different from 
one another relative to the target object (i.e. images with 
parallax). By using unit images which are thus slightly dif 
ferent from one another to have slightly different information, 
it is possible to form a reconstructed image based on the larger 
amount of information, making it possible for the recon 
structed image to have a higher definition than that of each 
unit image. 
0007. However, in the compound-eye imaging device 100 
described above, the optical lenses L11, L12 . . . L33 are 
regularly arranged at a constant distance or interval, so that 
the unit images formed by the optical lenses L11, L12... L33 
may in Some cases be substantially the same as each other, if 
for example, the target object is positioned at a predetermined 
distance from the compound-eye imaging device 100 as 
described later, or if the target object is indefinitely far from 
the compound-eye imaging device. In such cases, the amount 
of information used to form a reconstructed image decreases, 
preventing the reconstructed image from having a higher 
definition than that of each unit image. 
0008. The case where the unit images formed by the opti 
cal lenses are substantially the same will be described with 
reference to FIGS. 10A and 10B. FIG. 10A is a schematic side 
view of the compound-eye imaging device 100, placed verti 
cally, in a mode of collecting lights from a target object T by 
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the optical lenses L11, L12... L33, in which the target object 
T is positioned in front of, and at a predetermined distance 
from, the compound-eye imaging device 100. FIG. 10B is a 
schematic enlarged side view of a portion of FIG. 10A as 
indicated by the dashed circle 10B. In FIG. 10B, the three 
optical lenses L11, L21 and L31 in the leftmost column of 
FIG. 9 are shown, in which the solid-state imaging element 
102 is assumed to have 8 (eight) pixels for each of the optical 
lenses L11, L21 and L31. 
0009. Both FIG. 10A and FIG. 10B show light traces of 
lights collected by the respective optical lenses L11, L21 and 
L31 to reach the respective pixels of the Solid-state imaging 
element 102, in which such light traces for the optical lenses 
L11, L21 and L31 are shown by solid lines, coarse dashed 
lines and fine dashed lines in order from top to bottom. More 
specifically, in the case of the optical lens L11, for example, 
the uppermost light denoted by hil passes through the optical 
lens L11, and is collected onto the lowermost pixel denoted 
by g8. Similarly, the n-th light from the top which can be 
designated by hn passes through the optical lens L11, and is 
collected onto the (9-n)th pixel from the top which can be 
denoted by g(9-1). The lowermost light denoted by h& passes 
through the optical lens L11, and is collected onto the upper 
most pixel denoted by g1. Using the definition above, the 
combinations of the optical lens L11, L21 and L31 with 
corresponding areas of the Solid-state imaging element 102 to 
image unit images formed by the optical lenses L11, L21 and 
L31 can be referred to as imaging units U11, U21 and U31, 
respectively, as shown in FIG. 10B. 
0010 Now, assuming that the target object T is positioned 
in front of, and at a predetermined distance, from the com 
pound-eye imaging device 100, FIGS. 10A and 10B show the 
case where light from a point P1 on the target object T is 
collected by the optical lens L11 as light h2 and imaged by 
pixel g7 in the imaging unit U11, and is at the same time 
collected by the optical lens L31 as light h1 and imaged by 
pixel g8 in the imaging unit U31. Thus, the image of the point 
P1 imaged by the pixel g7 in the imaging unit U11 is the same 
as the image of the point P1 imaged by the pixel g8 in the 
imaging unit U31. This indicates that points on the target 
object Twhere the light traces h1, h2.h3... intersect, that are 
P1, P2, P3. . . . can be imaged as the same image by different 
imaging units U. 
0011 Thus, it is understood that the conventional com 
pound-eye imaging device 100 with regularly arranged opti 
cal lenses (L11, L12 . . . L33) has a plane, which can be 
referred to as imaginary plane, where the intersection points 
between light traces (h1, h2.h3 ...) are present and concen 
trated, and that Substantially the same unit images are formed 
when a target object (T) is present on the imaginary plane. 
Further, referring to FIG. 10A, in addition to the imaginary 
plane in the position of the target object T, but also another 
imaginary plane where intersection points between the light 
traces h1, h2.h3 ... are concentrated is present in the position 
shown by the vertical double-dot dashed linea, for example. 
0012 Besides, in some cases, it may be required to obtain 
the distance from a compound-eye imaging device to a target 
object. However, this is not possible in the case of the com 
pound-eye imaging device 100 with regularly arranged opti 
callenses (L11, L12... L33), because, as shown in FIG.10A, 
when the target object T is far from the image capture device 
100, the light traces h1, h2.h3 ... h8 of lights collected onto 
the optical lenses L11, L21 and L31 are substantially parallel 
to each other, so that the unit images imaged by all the imag 
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ing units U become Substantially the same without parallax, 
making it impossible to obtain the required distance of the 
target object T. 
0013 Referring back to the first problem, in order to solve 
the problem of the reduction in the definition of a recon 
structed image when a target object is indefinitely far, a com 
pound-eye imaging device is known having imaging units of 
optical lenses and corresponding areas of a solid-state imag 
ing element, in which the imaging units are adjusted in the 
position of the optical lenses and the solid-state imaging 
element such that the positional relationship between an opti 
cal lens and a corresponding area of the solid-state imaging 
element in an imaging unit is slightly offset from that in an 
adjacent imaging unit. Such a compound-eye imaging device 
is disclosed, for example, in Japanese Laid-open Patent Pub 
lication 2004-146619. However, such compound-eye imag 
ing device does not sufficiently improve the definition of a 
reconstructed image. 
0014 More specifically, in the compound-eye imaging 
device disclosed in e.g. Japanese Laid-open Patent Publica 
tion 2004-146619, the optical lenses are regularly arranged in 
a matrix of rows and columns on one plane, while the Solid 
state imaging element has pixels successively offset slightly 
in the direction parallel to the one plane relative to the corre 
sponding optical lenses. This offset positional relationship 
may, to a certain extent, reduce the probability that different 
imaging units form the same image from light from one same 
point on a target object, as compared to the case where the 
positional relationship among the optical lenses and the solid 
state imaging element is constant. However, the regularity in 
the arrangement of the optical lenses prevents a significant 
reduction of such probability. 

SUMMARY OF THE INVENTION 

0015. An object of the present invention is to provide a 
compound-eye imaging device which Substantially prevents 
unit images formed by respective imaging units from being 
the same, making it possible to easily increase the definition 
of a reconstructed image. 
0016. According to the present invention, this object is 
achieved by a compound-eye imaging device comprising: 
multiple imaging units having optical lenses and a solid-state 
imaging element with a major Surface for allowing the Solid 
state imaging element to image multiple unit images of a 
target object that are formed through the optical lenses; and 
reconstructed image forming means for forming a recon 
structed image from the multiple unit images respectively 
imaged by the multiple imaging units, wherein the multiple 
imaging units are integrally arranged, and wherein the mul 
tiple imaging units have randomly different optical imaging 
conditions from each other to allow the multiple unit images 
imaged by the multiple imaging units to be different from 
each other when the target object is indefinitely far. 
0017. In the compound-eye imaging device of the present 
invention, the multiple imaging units have randomly different 
optical imaging conditions, so that it Substantially prevents 
unit images formed by the respective imaging units from 
being the same, making it possible to easily increase the 
definition of a reconstructed image. 
0018. It can be designed so that the optical lenses of the 
multiple imaging units are arranged to have random distances 
between adjacent ones thereof in a direction parallel to the 
major Surface of the Solid-state imaging element so as to 
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allow the multiple imaging units to have different optical 
imaging conditions from each other. 
0019. It can also be designed so that optical axes of the 
optical lenses of the multiple imaging units are inclined at 
random inclination angles in the multiple imaging units so as 
to allow the multiple imaging units to have different optical 
imaging conditions from each other. 
0020. It can further be designed so that focal lengths of the 
optical lenses of the multiple imaging units have random 
values so as to allow the multiple imaging units to have 
different optical imaging conditions from each other. 
0021. It can further be designed so that the opticallenses of 
the multiple imaging units have randomly different distor 
tions so as to allow the multiple imaging units to have differ 
ent optical imaging conditions from each other. 
0022. It can still further be designed so that the multiple 
imaging units have randomly different pixel arrangements of 
the Solid-state imaging element so as to allow the multiple 
imaging units to have different optical imaging conditions 
from each other. 
0023. While the novel features of the present invention are 
set forth in the appended claims, the present invention will be 
better understood from the following detailed description 
taken in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0024. The present invention will be described hereinafter 
with reference to the annexed drawings. It is to be noted that 
all the drawings are shown for the purpose of illustrating the 
technical concept of the present invention or embodiments 
thereof, wherein: 
0025 FIG. 1 is a schematic perspective view, with a block 
diagram, of a compound-eye imaging device according to a 
first embodiment of the present invention; 
0026 FIG. 2 is a schematic perspective view of optical 
lenses and lens holders to integrate the optical lenses in the 
compound-eye imaging device; 
0027 FIG.3 is a schematic plan view showing an arrange 
ment of the optical lenses in the compound-eye imaging 
device; 
0028 FIG. 4A is a schematic side view of the compound 
eye imaging device, placed vertically, in a mode of collecting 
lights from a target object by the opticallenses, while FIG.4B 
is a schematic enlarged side view of a portion of FIG. 4A as 
indicated by dashed circle 4B; 
0029 FIG. 5 is a schematic view of an experimental sys 
tem using the compound-eye imaging device for imaging a 
target picture; 
0030 FIG. 6A is a view showing the target picture used for 
the experiment, FIG. 6B is a view showing a reconstructed 
image using the compound-eye imaging device, while FIG. 
6C is a view showing a reconstructed image using a conven 
tional compound-eye imaging device for comparison; 
0031 FIG. 7 is a schematic cross-sectional view of the 
optical lenses and holders as a part of the compound-eye 
imaging device according to a second embodiment of the 
present embodiment; 
0032 FIG. 8 is a schematic plan view showing a part of a 
Solid-state imaging element in the compound-eye imaging 
device according to a third embodiment of the present inven 
tion; 
0033 FIG. 9 is a schematic perspective view of a part of a 
conventional compound-eye imaging device; and 
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0034 FIG. 10A is a schematic side view of the conven 
tional compound-eye imaging device, placed vertically, in a 
mode of collecting lights from a target object by the optical 
lenses, while FIG. 10B is a schematic enlarged side view of a 
portion of FIG. 10A as indicated by dashed circle 10B. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0035 Embodiments of the present invention, as best mode 
for carrying out the invention, will be described hereinafter 
with reference to the drawings. The present invention relates 
to a compound-eye imaging device. It is to be understood that 
the embodiments herein are not intended as limiting, or 
encompassing the entire Scope of the invention. Note that like 
parts are designated by like reference numerals or characters 
throughout the drawings. 

First Embodiment 

0.036 A compound-eye imaging device 1 according to a 
first embodiment of the present invention will be described 
with reference to FIG. 1 to FIG. 6. FIG. 1 is a schematic 
perspective view, with a block diagram, of the compound-eye 
imaging device 1 according to the first embodiment. As 
shown in FIG. 1, the compound-eye imaging device 1 com 
prises an imaging device body 2 for collecting light from a 
target object and forming an image therefrom, and an image 
processing unit 4 connected to the imaging device body 2 via 
an AD (Analog-to-Digital) converter 3 for forming a recon 
structed image from image information (multiple unit 
images) output from the imaging device body 2. 
0037. The imaging device body 2 comprises: 9 (nine) opti 
callenses L11, L12... L33 for collecting light from the target 
object; holders H11, H12. . . H33 for holding the respective 
optical lenses L11, L12 . . . L33; a plate-shaped solid-state 
imaging element (photodetector array) 5 for imaging unit 
images k11, k12 . . . k33 formed by the respective optical 
lenses L11, L12... L33; and apartition wall 6 placed between 
the Solid-stating imaging element 5 and the optical lenses 
L11, L12 . . . L33. If the combination of each of the optical 
lenses L11, L12 ... L33 with a corresponding divided area of 
the Solid-state imaging element 5 for imaging each of the unit 
images k11, k12 . . . k33 is referred to as an imaging unit U. 
it is understood that the imaging device body 2 comprises 9 
(nine) integrally arranged imaging units U11, U12 . . . U33. 
The partition wall 6 limits lights propagating from the optical 
lenses L11, L12 ... L33 to the solid-state imaging element 5 
So as to prevent such lights from interfering each other 
between the respective imaging units U. Note that although 
the imaging device body 2 is assumed to comprise 9 optical 
lenses L11, L12 ... L33 forming 9 imaging units U11, U12. 
... U33 in the present embodiment, a much larger number of 
imaging units are actually formed. 
0038. The holders H11, H12... H33 of the optical lenses 
are block members each having a square shape as seen in plan 
view, and each having a thickness set according to the focal 
length of each of the corresponding optical lenses L11, L12. 
... L33. More specifically, the thickness tofeach of the holders 
H11, H12...H33 is set so as to allow the optical lenses L11, 
L12. . . L33 held thereby and having focal lengths F11, F12 
... F33 to focus each of the corresponding unit images k11, 
k12 . . . k33 accurately on the surface of the solid-state 
imaging element 5. In other words, the thickness t of each of 
the holders H11, H12... H33 is set so as to hold each of the 
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corresponding optical lenses L11, L12 . . . L33 in a position 
distant from the surface of the solid-state imaging element 5 
by each of the specific focal lengths F11, F12 ... F33 of the 
optical lenses L11, L12 ... L33. 
0039. Furthermore, in the compound-eye imaging device 
1 of the present embodiment, the focal lengths F11, F12 . . . 
F33 of the 9 optical lenses L11, L12 . . . L33 are set to have 
random values, while the thickness t of each of the corre 
sponding holders H11, H12. . . H33 is set according to each 
of the random values of the focal lengths F11, F12 . . . F33. 
Here, the random values of the focal lengths F11, F12... F33 
are not just irregular values, but are those based on physical 
random numbers generated by a random number table, a 
random number generator or the like. Note that the 9 holders 
H11, H12...H33 having various set values of thickness tas 
described above can be manufactured and integrated by pre 
paring 9 such holders and bonding them using an adhesive. 
0040 Alternatively, they can be manufactured and inte 
grated in a manner as shown in FIG. 2 which is a schematic 
perspective view of the optical lenses L11, L12 . . . L33 and 
the holders H11, H12. . . H33 to integrate the optical lenses 
L11, L12 ... L33. More specifically, as shown in FIG. 2, the 
9 holders H11, H12. . . H33 can be integrated and inserted 
into a frame 7 formed to have a size and shape to allow the 9 
holders H11, H12 ... H33 fit therein, and thereafter bonded 
using an adhesive. It is desirable to provide the frame 7 with 
a cross-piece 7a at its bottom to prevent falling of holders 
H11, H12... H33, and facilitate positioning them. The use of 
the frame 7 having such structure makes it possible to inte 
grate many holders H11, H12 . . . H33 with their bottom 
Surfaces aligned. 
0041. A feature of the present invention is that the multiple 
imaging units of the compound-eye imaging device 1 have 
randomly different optical imaging conditions. In the present 
embodiment, the 9 optical lenses L11, L12 . . . L33 held by 
the holders H11, H12. . . H33 are arranged to have random 
distances (intervals or center-to-center distances) d between 
adjacent ones thereof in a direction parallel to the Surface 
(major Surface) of the Solid-state imaging element 5 (i.e. the 
distances dare randomly offset from each other) so as to be in 
random positions as seen in plan view with the optical lenses 
H11, H12...H33 being integrated in e.g. a manner shown in 
FIG. 1. This is more specifically shown in FIG. 3 which is a 
schematic plan view showing an arrangement of the optical 
lenses L11, L12... L33 in the compound-eye imaging device 
1. As shown in FIG. 3, the distances (center-to-center dis 
tances) d between adjacent optical lenses L11, L12 ... L33 in 
the direction parallel to the Surface of the Solid-state imaging 
element 5 are randomly different so as to cause the respective 
positions (center positions) of the optical lenses L11, L12 . . 
. L33 in the holders H11, H12 ... H33 to be different from 
each other as seen in plan view. 
0042. For example, considering the optical lens L22 held 
by the central holder H22 in FIG. 3, the optical lens L22 is 
positioned at distances d1,d2, d3 and d4 from the four adja 
cent optical lenses L12, L21, L23 and L32, in which the 
distances d1,d2, d3 and d4 are random or randomly different 
from each other. Similarly, each of the other optical lenses 
L11, L12 . . . L33 is positioned at random distances from 
adjacent optical lenses. Thus, similarly as in the random 
values of the focal lengths F11, F12 . . . F33 of the optical 
lenses L11, L12... L33, the random distances referred to here 
are not just irregular values, but are random values based on 
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physical random numbers generated by a random number 
table, a random number generator or the like. 
0043 Referring back to FIG. 1, the image processing unit 
4 will be described. The image processing unit 4 in the com 
pound-eye imaging device 1 of the present embodiment com 
prises a microprocessor 8, a ROM (Read Only Memory) 9 
storing an operation program of the microprocessor 8, a RAM 
(Random Access Memory) 11 for temporarily storing e.g. 
image data, and a large capacity memory 12. Based on the 
image information of 9 unit images k11, k12... k33 received 
from the imaging device body 2, the microprocessor 8 forms 
a reconstructed image, and displays it on a display unit 13 
Such as a liquid crystal panel. A known process similar to that 
described in Japanese Laid-open Patent Publication 2001 
61109 can be used as the process for the microprocessor 8 to 
perform to form a reconstructed image from the multiple unit 
images k11, k12 . . . k33. For example, the microprocessor 8 
can: first receive, as digital image information, the 9 unit 
images k11, k12 . . . k33 imaged by the solid-state imaging 
element 5; calculate distances for respective pixels based on 
the respective unit images to create a distance image; and 
rearrange the unit images k11, k12... k33 for the respective 
pixels based on the created or calculated distance image so as 
to form a reconstructed image. 
0044 As described in the foregoing, in the compound-eye 
imaging device 1 of the present embodiment, the focal 
lengths F11, F12 . . . F33 of the optical lenses L11, L12 . . . 
L33 in the respective imaging units U are randomly different, 
and the distances d (d1,d2 . . . ) between the optical lenses 
L11, L12 ... L33 also have randomly different values, so that 
the unit images k11, k12 . . . k33 imaged by the solid-state 
imaging element 5 are different from each other regardless of 
the position of the target object relative to the compound-eye 
imaging device 1. This will be described in more detail below 
with reference to FIG. 4A and FIG. 4B. FIG. 4A is a sche 
matic side view of the compound-eye imaging device 1, 
placed vertically, in a mode of collecting lights from a target 
object T by the optical lenses L11, L12 ... L33, in which the 
target object T is positioned in front of the compound-eye 
imaging device 1, while FIG. 4B is a schematic enlarged side 
view of a portion of FIG. 4A as indicated by the dashed circle 
4B. 

0045 Both FIG. 4A and FIG. 4B show light traces h1, h2 
... h8 of lights collected by the respective optical lenses L11, 
L21 and L31 to reach the respective pixels g1 g2 ... g8 of the 
Solid-state imaging element 5, in which Such light traces for 
the optical lenses L11, L21 and L31 are shown by solid lines, 
coarse dashed lines and fine dashed lines in order from top to 
bottom. Note that FIG. 4B is shown in side view, so that it 
shows only the optical lenses L11, L21 and L31 in the left 
most column of FIG.1. In the compound-eye imaging device 
1 of the present embodiment, the focal lengths F11, F21 and 
F31 of the optical lenses L11, L21 and L31 are randomly 
different in the respective imaging units U, and the distances 
d between the respective optical lenses L11, L21 and L31 
have random values as described above. Thus, the respective 
light tracesh1, h2... h8 have randomly different angles to the 
horizontal direction in the respective imaging units U, and are 
converged at points which are randomly offset left or right in 
FIG. 4A. Thus, as shown in FIG. 4A, the respective light 
traces h1, h2...h3 are not parallel to each other, causing the 
intersection points between the light traces h1, h2 ... h8 to 
scatter horizontally. 
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0046. In addition, the modes in which the lights with the 
light traces hl, h2 h8 enter the pixels g1 g2 ... g.8 randomly 
change in the respective imaging units U. For example, con 
sidering the imaging unit U11, the uppermost light with the 
light trace h1 enters the lowermost pixel g8, and the lower 
most light with the light traceh3 enters the pixel g1. However, 
considering the imaging unit U21, the uppermost light with 
the light trace h1 enters the second lowermost pixel g7, and 
the lowermost light with the light trace h& enters the pixel g0. 
In this way, random changes occur in the compound-eye 
imaging device 1 of the present embodiment. Further, refer 
ring to FIG. 4A, assuming cases where a target object T is 
present in front the compound-eye imaging device 1, it is 
understood that it prevents many intersection points between 
the light traces h1, h2 ... h8 from being present on the surface 
of (i.e. in the position of) the target object T. Thus, it is 
understood that the unit images k11, k12 . . . k33 imaged by 
the imaging units U11, U12... U33 are different from each 
other. 

0047 Next, referring to FIG.5 and FIGS. 6A, 6B and 6C, 
experimental results obtained by imaging a target picture TP 
placed at a predetermined distance, using the compound-eye 
imaging device 1 of the present embodiment, will be 
described. FIG. 5 is a schematic view of an experimental 
system using the compound-eye imaging device 1 for imag 
ing the target picture TP. The target picture TP was placed in 
front of, and at a distance of 3 m (meters) from, the com 
pound-eye imaging device 1, placed vertically, so as to nor 
mally face the compound-eye imaging device 1. The com 
pound-eye imaging device 1 received light from the target 
picture TP in which the respective optical lenses L11, L12. . 
. L33 collected the light to form 9 unit images k11, k12... k33 
on the Solid-state imaging element 5 which imaged these unit 
images. The image processing unit 4 then formed one recon 
structed image from the 9 unit images k11, k12 . . . k33. 
0048 FIG. 6A is a view showing the target picture TP 
(enlarged picture of a portion of a face of a hamadryas) used 
for the experiment, FIG. 6B is a view showing the recon 
structed image using the compound-eye imaging device 1, 
while FIG. 6C is a view showing a reconstructed image using 
a conventional compound-eye imaging device for compari 
son. Referring to FIGS. 6A and 6B, a clear reconstructed 
image was obtained (FIG. 6A) even though the target picture 
TP was placed at a distance of 3 m from the compound-eye 
imaging device 1, which is substantially equivalent to an 
indefinite distance (indefinitely far). For comparison, a con 
ventional compound-eye imaging device (one shown in FIG. 
9) was prepared which was the same as the compound-eye 
imaging device 1 of the present embodiment, except that the 
optical lenses were regularly arranged on the optical lens 
array in a matrix of rows and columns. FIG. 6C shows a less 
clear image than that of FIG. 6B. 
0049. The definition of each reconstructed image relative 
to the original image (target picture TP) was evaluated using 
PSNR (Peak Signal to Noise Ratio)method. The results of the 
evaluations indicated that the PSNR value of the recon 
structed image (FIG. 6B) obtained by using the compound 
eye imaging device 1 of the present embodiment was 23.1 dB. 
whereas the PSNR value of the reconstructed image (FIG. 
6C) obtained by using the conventional compound-eye imag 
ing device was 20.7 dB relative to the target picture TP. In the 
experiments, a calculation was also made as to an average 
error of an estimated distance value in a distance image which 
was created in the process performed by the image processing 
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unit 4 in each of the two compound-eye imaging devices to 
form a reconstructed image. The results indicated that the 
average error was as Small as 3.9% in the distance image 
created from the unit images using the compound-eye imag 
ing device 1 of the present embodiment, whereas the average 
error was as large as 133.9% in the distance image created 
from the unit images using the conventional compound-eye 
imaging device. 

Second Embodiment 

0050 Referring now to FIG. 7, a compound-eye imaging 
device 1 according to a second embodiment of the present 
invention will be described. FIG. 7 is a schematic cross 
sectional view of opticallenses L31, L32 and L33 and holders 
H31, H32 and H33 as a part of the compound-eye imaging 
device 1 of the present embodiment. The compound-eye 
imaging device 1 of the present embodiment is Substantially 
the same as that of the first embodiment except for the fol 
lowing. In the compound-eye imaging device 1 of the first 
embodiment, the focal lengths F11, F12... F33 of the optical 
lenses L11, L12 ... L33 have randomly different values, and 
the distances d between the optical lenses L11, L12 . . . L33 
are set to have randomly different values so as to allow the 
imaging units U to have different optical imaging conditions 
from each other. In contrast, in the present embodiment, the 
opticallenses L11, L12... L33 are randomly inclined, i.e. are 
designed to have optical axes inclined at random angles in the 
imaging units U. 
0051 More specifically, as apparent from FIG. 7, the 
shapes of the holders H11, H12...H33 for holding the optical 
lenses L11, L12 ... L33 are deformed from those of the first 
embodiment so as to allow inclination angles 011, 012... 033 
of optical axes x11, x12... x33 of the respective opticallenses 
L11, L12 ... L33 relative to the vertical axis V (vertical to the 
Solid-state imaging element 5) to have random values so as to 
allow the optical axes x11, x12 . . . x33 to be randomly 
inclined. Similarly as in the first embodiment, the random 
values referred to here are not just irregular values, but are 
random values based on physical random numbers generated 
by a random number table, a random number generator or the 
like. Note that FIG. 7 shows a cross section of the 3 (three) 
opticallenses L31, L32 and L33 in the frontmost row of FIG. 
1. The requirement described here is to be also applied to the 
other optical lenses L11, L12 ... L23 and holders H11, H12 
. . . H23. The requirement to incline the optical axes of the 
optical lenses in the imaging units at random angles, as 
recited in claim3, includes a condition in which, for example, 
the optical axes of two optical lenses are inclined at the same 
angle relative to the vertical axis V, but are inclined relative to 
each other because the two optical axes are rotated about the 
Vertical axis at different rotation angles. 
0052 Similarly as in the first embodiment, also in the 
compound-eye imaging device 1 of the present embodiment, 
the respective light traces h1, h2...h3 of lights collected to 
the compound-eye imaging device 1 are not parallel to each 
other, causing the intersection points between the light traces 
h1, h2 ... h8 to scatter horizontally, whereby the unit images 
k11, k12... k33 imaged by the solid-state imaging element 5 
become different from each other. This makes it possible to 
easily form a higher definition reconstructed image. 

Third Embodiment 

0053 Referring now to FIG. 8, a compound-eye imaging 
device 1 according to a third embodiment of the present 
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invention will be described. FIG. 8 is a schematic plan view 
showing a part of a solid-state imaging element 5 in the 
compound-eye imaging device 1. The compound-eye imag 
ing device 1 of the present embodiment is substantially the 
same as that of the first embodiment except that here the focal 
lengths F11, F12 . . . F33 of the optical lenses L11, L12 . . . 
L33 are the same, and the distances d between the optical 
lenses L11, L12... L33 are set to be the same, while the pixels 
g of the Solid-state imaging element 5 are randomly arranged 
So as to allow the respective imaging units U to have different 
optical imaging conditions. More specifically, the pixels g of 
the solid-state imaging element 5 in the present embodiment 
are not regularly arranged in a matrix of rows and columns, 
but are randomly arranged as shown in FIG. 8. 
0054 Similarly as in the first embodiment, also in the 
compound-eye imaging device 1 of the present embodiment, 
the respective light traces h1, h2...h3 of lights collected to 
the compound-eye imaging device 1 are not parallel to each 
other, causing the intersection points between the light traces 
h1, h2 ... h8 to scatter horizontally, whereby the unit images 
k11, k12... k33 imaged by the solid-state imaging element 5 
become different from each other. This makes it possible to 
easily form a higher definition reconstructed image. 
0055 As described in the foregoing, the compound-eye 
imaging devices 1 of the respective embodiments of the 
present invention make it possible to allow the imaging units 
U to have randomly different optical imaging conditions in 
various modes. One mode is to randomly offset the distances 
d between the optical lenses L11, L12 . . . L33, namely, the 
optical lenses L11, L12 ... L33 are arranged to have random 
distances between adjacent ones thereof in a direction parallel 
to the Surface of the Solid-state imaging element 5 as recited 
in claim 2. Another mode is to allow the focal lengths F11, 
F12 . . . F33 of the optical lenses L11, L12 . . . L33 to have 
random values as recited in claim 4. 

0056. A still another mode is to incline the optical axes 
X11, X12 . . . x33 of the optical lenses L11, L12 . . . L33 at 
random inclination angles as recited in claim 3. Yet another 
mode is to allow the imaging units U to have randomly dif 
ferent pixel arrangements of the solid-state imaging element 
5 as recited in claim 6. In addition to these modes, the com 
pound-eye imaging device of the present invention can have a 
mode to allow the optical lenses L11, L12 . . . L33 in the 
respective imaging units U to have randomly different optical 
distortions as recited in claim 5. More specifically, instead of 
randomly arranging the pixels g of the Solid-state imaging 
element 5 in the third embodiment, the optical lenses L11, 
L12 . . . L33 can be designed to have randomly different 
optical distortions so as to obtain similar desired results. Note 
that these modes can be used alone, or in combination with 
another, to obtain desired results. 
0057 The present invention has been described above 
using presently preferred embodiments, but such description 
should not be interpreted as limiting the present invention. 
Various modifications will become obvious, evident or appar 
ent to those ordinarily skilled in the art, who have read the 
description. Accordingly, the appended claims should be 
interpreted to cover all modifications and alterations which 
fall within the spirit and scope of the present invention. 
0058. This application is based on Japanese patent appli 
cation 2008-048035 filed Feb. 28, 2008, the content of which 
is hereby incorporated by reference. 
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What is claimed is: 
1. A compound-eye imaging device comprising: 
multiple imaging units having optical lenses and a solid 

state imaging element with a major Surface for allowing 
the solid-state imaging element to image multiple unit 
images of a target object that are formed through the 
optical lenses; and 

reconstructed image forming means for forming a recon 
structed image from the multiple unit images respec 
tively imaged by the multiple imaging units, 

wherein the multiple imaging units are integrally arranged, 
and 

wherein the multiple imaging units have randomly differ 
ent optical imaging conditions from each other to allow 
the multiple unit images imaged by the multiple imaging 
units to be different from each other when the target 
object is indefinitely far. 

2. The compound-eye imaging device according to claim 1, 
wherein the optical lenses of the multiple imaging units are 

arranged to have random distances between adjacent 
ones thereof in a direction parallel to the major surface of 
the Solid-state imaging element so as to allow the mul 
tiple imaging units to have different optical imaging 
conditions from each other. 

Sep. 10, 2009 

3. The compound-eye imaging device according to claim 1, 
wherein optical axes of the optical lenses of the multiple 

imaging units are inclined at random inclination angles 
in the multiple imaging units so as to allow the multiple 
imaging units to have different optical imaging condi 
tions from each other. 

4. The compound-eye imaging device according to claim 1, 
wherein focal lengths of the optical lenses of the multiple 

imaging units have random values so as to allow the 
multiple imaging units to have different optical imaging 
conditions from each other. 

5. The compound-eye imaging device according to claim 1, 
wherein the optical lenses of the multiple imaging units 

have randomly different distortions so as to allow the 
multiple imaging units to have different optical imaging 
conditions from each other. 

6. The compound-eye imaging device according to claim 1, 
wherein the multiple imaging units have randomly differ 

ent pixel arrangements of the Solid-state imaging ele 
ment so as to allow the multiple imaging units to have 
different optical imaging conditions from each other. 

c c c c c 


